Introduction
Dental stone casts should be disinfected several times because of multiple transfers between the clinic and the laboratory (1, 2) . Applying the chemical disinfection as a traditional technique is now questionable because of new generation of pathogenic microorganisms, questionable microbicidal efficiency, and detrimental effects on some of the commonly used impression materials such as irreversible hydrocolloid and stone casts (3) (4) (5) . As a result, physical disinfection techniques such as microwave irradiation have been introduced for heat-resistant objects like stone casts.
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It is not known whether multiple application of these procedures that are necessary to prevent the cross-contamination during different procedures of making the prosthesis, is safe for the stone cast, especially for dimensional accuracy and surface hardness, as two basic properties. Therefore, in order to evaluate 900W energy level, as an effective disinfection technique in microwave irradiation, the aim of the present study was to evaluate whether repeated irradiation at 900W energy level has any detrimental effects on the dimensional accuracy and surface hardness of stone casts according to ANSI/ADA standard No. 25 (11) .
Materials and Method
Surface Hardness
A total of 48 cylindrical PVC tubes, measuring 2 centimeter (cm) in diameter and 1 cm in height, were used to produce 48 cylindrical stone samples. The tubes were fixed on glass slabs using sticky wax (Model Cement 500G, Kemdent, UK) in order to produce a smooth surface on the base of the stone samples ( Figure 1 ). Figure 1 : PVC cylinders were fixed on glass slabs by sticky waxed on glass slabs by sticky wax
The samples were poured with two products of type IV stone (Dentona, ZERT, Germany/Ernst Hinrichs , Goslar, Germany). According to manufacturer's instructions, stone powder and water were mixed first by hands and then placed in a vacuum mixer (Multirac 4, Degussa AG, Frankfurt, Germany) for 25 seconds under vacuum condition of 0.8 to 1 mm Hg to eliminate porosity. Afterwards, the mix was poured into the molds by gentle vibration until slightly overfilled and then another glass slab was placed on each mold. The samples were retrieved from the molds one hour after pouring and were kept under laboratory conditions (23°C ± 2 and relative humidity of 23% ± 3). After 24 hours the samples of each product were randomly assigned to two case and control groups (n = 12) ( Figure 2 ).
The samples of the case group were placed in a microwave oven for seven consecutive cycles of each 5 minutes and irradiated by 900W microwave. Between the cycles the molds were cooled for 40 minutes. A beaker containing 200 mL of water was placed in the oven to protect the device wave-producing apparatus (magnetron). During each run, only 6 samples were placed on a circle around the center of the rotating tray of the oven so that all the samples would evenly receive the microwave rays. The surface hardness measurement of the case and control samples was carried out by a microhardness tester (UHL VMTH Auto Microhardness Tester, Germany), using Vickers scale by an expert person blinded to the study procedure. Based on the Vickers scale, a diamond pyramid-shaped indenter applied a 2000 GF (gram-force) for 15 seconds at a rate of 30 µm/s on the samples. Then, the dimensions of the depressions produced were measured under the photomicroscope coupled with tester machine at ×10. This procedure was repeated on three different locations on the base of the samples and a mean value was used for statistical analysis.
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Dimensional Accuracy
To assess dimensional changes during repeated irradiations, stone models were prepared by duplicating a metal model which was similar to two prepared teeth to serve as abutments for a long-span bridgework with a shoulder finish line measuring 1 mm in width, and a groove 1 mm above the finish line on the abutments serving as a cervical undercut, fixed on a metallic base ( Figure 3 ) (12, 13) . molds for the impression material and a total of 12 acrylic special trays (Acropars, Tehran, Iran) were prepared. The trays were stored for 24 hours before use. After application of the special tray glue into the trays, additional silicone impression material (Panasil, Kettenbach, Germany) was used to take impressions from the model, using double-mix technique. The impressions were poured with two stone products used in the former experiment. The techniques of pouring, storage, grouping and irradiation were the same as those applied for the evaluation of surface hardness (Figure 4 ). The diameter of the occlusal area and the height of the smaller die and distance between the two dies at most distant points from each other on their occlusal surfaces were measured using a calibrated digital caliper (Guanglu Digital Caliper. China) accurate to 0.01 mm by a blinded expert. Each dimension was measured three times and the mean of measurements was used for statistical analysis.
Results
The mean surface hardness values of case and control samples in Ernst Hinrichs stone type were 52.17, and 39.81, respectively. For the Dentona stone, mean surface hardness values of case and control samples were 44.53 and 42.89, respectively. According to t-test results, Dentona stone samples did not show a significant difference in surface hardness after irradiations (P = 0.212), while a statistically significant increase in surface hardness was observed for Ernst Hinrichs samples following irradiations (P = 0.000) ( Table 3 : Comparison of dimensional accuracy of the Ernst Hinrichs dental stone, with and without irradiation
Discussion
This study was carried out to evaluate the effect of repeated microwave irradiation at 900-W energy level for 5 minutes on dimensional accuracy and surface hardness of two commercially-available dental stone materials. The results showed that, following repeated microwave irradiations, the dimensions of the cast remain unchanged and the surface hardness is either unaltered or even increased for the two stone types evaluated.
The surface hardness is an important property of the stone cast that can have direct effect on the surface resistance versus the abrasion and scratches that can damage it. The surface hardness of different stone types is inversely related to W/P ratio; the lower the water contributed in the mix, the more the surface hardness. The surface hardness is also influenced by the time that gypsum is allowed to harden after primary setting without any disturbances as heating or early drying. After final setting, the surface hardness of the stone cast remains stable until the evaporation of the extra water that can make it harder (14) .
In this study, the surface hardness values were obtained for two drying techniques and two type IV stone products. The values for the casts dried in a microwave oven 24 hours after mixing, compared with those of similarly prepared casts that were air dried for 24 hours showed no significant difference for Dentona and a higher hardness for Ernst Hinrichs.
In similar study to evaluate the effect of microwave on surface hardness of stone cast, Luebke et al. (15) exposed the casts to 1450 W for 5 minutes to rapidly dry stone casts, 50 minutes after pouring. The results showed that the samples dried in the air had higher surface hardness after 24 and 48 hours than samples dried by microwaves. However, in the first 4 hours, 6 out of 8 stone products had higher surface hardness compared to control samples, that can be related to earlier water escape and drying of the surface of the samples.
Similar to surface hardness, setting expansion of stone cast is an important requisite of die materials that has a critical role in making precision restoration, because of compensation the shrinkage of impression materials. Similar to hardening, the expansion of stone mass is improved by progressive conversion of hemihydrate molecules to dihydrate crystals during the setting procedure, and therefore, the presence of water and sufficient time are necessary to deposition and cross-joining of the crystals. Elimination of water at early hours after pouring prevents expansion of the cast to the optimal value (14, 16 ).
In the current study, the dimensions of the cast were measured for air drying and additional microwave drying at 24 hours after mixing, and the results showed no significant difference. Consistent with this observation in dimensional accuracy, Abass et al. (8) reported duration of 10 minutes and an energy level of 850 W in 24 hours air-dried samples had a minimum negative effect on the dimensional stability of dental stone. Silva (10) also showed 2 hours air-dried casts can be irradiated with 800 W for 5 minutes without significant change in dimension when compared to 24 hours and 7 days air-dried casts. In contrast, Yap et al. (12) reported a significant decrease in cast dimensions after irradiation with 700W energy level for 40 seconds on stone samples when dried a short time after pouring.
To reproduce the real clinical and laboratory conditions where repeated disinfections of the cast is required, the current study evaluated the changes of the casts under this condition, as was done for the chemical disinfection of the stone cast (1, 2) and microwave disinfection of the stone casts (17) .
The chemical disinfection of the stone cast should not be applied anymore because of several reasons. Primarily, stone casts have a sensitive structure to water-based solutions and chemical disinfectants and thus would be damaged if disinfected repeatedly. Moreover, the disinfection procedures are costly and timeconsuming, as for the necessity of daily preparation of a fresh solution and the time needed for drying of the cast. Additionally, these materials have a bad odor and are potentially toxic for the human and the environment. Also, there are new generations of resistant microorganisms that may not be eliminated by these compounds. Therefore, to interrupt the cast-derived cross-contamination cycle between the clinic and laboratory by a practical and efficient technique, the microwave disinfection was presented and shown to have high level microbicidal efficiency.
It is recommended that further studies are carried out with more approved microbicidal levels of microwave energy, to evaluate the effect of irradiation on the physical and mechanical properties of stone casts.
Conclusion
Considering the condition of this study, it was shown that 7 times consecutive irradiation of stone cast each 5 minutes at 900W energy level, does not have any negative effects on surface hardness and dimensional accuracy of stone cast.
